Summary: For the sake of clarffing which division of the brachial plexus, anterior or posterior, does the human suprascapular nerve belong to, the suprascapular nerve and cervical nerves concernd were teased into bundles of fibers by the fiber analysis method in six adult human arms of cadavers. The suprascapular nerve received fibers from C4, C5 and C6 in two cases which have a communicating branch between C4 and C5, from C5 and C6 in three cases and only from C5 in one case. In contrast with the posterior root fibers, the anterior root fibers of C5 and C6 could easily be divided into anterior and posterior groups of bundles which entered the anterior and the posterior divisions of the brachial plexus and were called anterior motor and posterior motor elements respectively. The suprascapular nerve received fibers from the anterior and the posterior motor elements of C5 in all cases. In addition to the C5, the nerve received fibers from both elements of C6 in three cases or from the anterior element of C6 in two cases. From this result the suprascapular nerve is judged to be a nerve which belongs to both anterior and posterior divisions of the brachial plexus.
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The suprascapular nerve (SSN) has been investigated by gross anatomical methods for a long time. Kerr (1918) described that in many cases of humans it was very difficult to tell whether the SSN arises from the superior trunk or from the posterior or anterior branch, since it takes its origin just at the point where the trunk divides into posterior and anterior branches. Howell & Straus (1933) classified the SSN of the rhesus monkey into the posterior group. Miller (1934) drew the SSN of tetrapod animals, including humans, as a branch of the anterior division of the brachial plexus in his figures. Harris (1939) depicted the SSN of primates as part of the anterior divisions of the upper two nerves (usually 5th and 6th cervical nerves), or sometimes the upper nerve (usually 5th cervical nerve) only, of the brachial plexus. In textbooks of anatomy, e.g., Morris' Human Anatomy (Anson, 1966 ), Cray's Anatomy (Berry et aL , 1995) and Anatomy (Gardner et al., 1971), the SSN has been described as an anterior branch. On the contrary, it has been mentioned as a posterior branch in Anatomie des Menschen (Leonhardt & Tillmann, 1988) and Anatomie Humaine (Rouviere & Delmas, 1991). Above mentioned descriptions were mainly based on gross anatomical observations at the site of origin. But as Kerr (1918) described, it is difficult to judge whether the SSN arises from the superior trunk or from the posterior or anterior branch since it takes its origin just at the point where the trunk divides into posterior and anterior branches.
Recently, Kato (1989) adopted the fiber analysis method (a microdissectional one) at the origin of the SSN and stated that the SSN is a posterior branch of the brachial plexus. However, Kato's critenon can not easily be accepted because some fibers of the anterior division shift to the posterior division in the vicinity of the superior trunk (Yan et al., 1998) . On the other hand, Kodama (1992) considered that the SSN is an anterior branch of the brachial plexus from the occasional appearance of a communicating branch between the SSN and the phrenic nerve. However, the communicating branch which occasionally appears is hardly considered to be a reliable criterion. The question as to whether the SSN is an anterior branch of the brachial plexus or a posterior one, is still has not been answered. We thought that it was necessary to establish a more reliable criterion than the site of origin or the communication, for judging whether the SSN is an anterior branch or a posterior one.
A spinal nerve has an anterior (motor) and a L Yan et al.
posterior (sensory) root and the sensory root has more fibers than the motor root. If you tease a spinal nerve towards its roots, it is easily supposed that as the junction of the two roots is approached, the anterior root fibers and posterior root fibers are separated more and the former is situated more anteriorly and the latter more posteriorly. Therefore, if you judge whether a particular nerve of the brachial plexus is an anterior branch or a posterior one in the vicinity of the root junction, you must judge only by the anterior root fibers or the posterior ones. Which root fibers are most reliable to be judged as being anterior or posterior? The purpose of this study is to make this point clear and to judge which division of the brachial plexus, anterior or posterior, does the human suprascapular nerve belong to.
Materials and Methods
Six adult human arms of cadavers (three left and three right arms) obtained from the 1996 student course of dissection at Iwate Medical University School of Medicine (fixed in 10% formalin and preserved in 50% alcohol) were used for this study. The brachial plexus and nerves were dissected thoroughly, and removed from the arm after marking and cutting the nerves and roots (from C5 to Thl, including the junction of anterior and posterior roots) of the brachial plexus.
The specimens were then immersed in water and the epineurium was removed under an operation microscope (Zeiss, 6-H). Subsequently, the perineurium of the SSN and the cervical nerves, which sent nerve fibers to the SSN (usually 5th and 6th cervical nerves and sometimes the 4th), were removed carefully and teased into bundles of fibers distally to proximally to examine the course of the bundles constituting the SSN. The results of the nerve fiber teasing (nerve fiber analysis) were recorded by photographs and drawings. Finally, the courses of the nerve bundles of SSN from the roots of the 5th and 6th cervical nerves to the muscular branches were filled in these drawings.
Observations
1. The findings after eliminating the epineurium (Fig. 1) The SSN received fibers from C4, C5 and C6 in two cases which have a communicating branch between C4 and C5, and from C5 and C6 in three cases, and only in one case from C5. C5 and C6 united to form the superior trunk in the condition of not eliminating the epineurium. However, when the epineurium was eliminated, each of them divided into anterior and posterior divisions without forming a trunk and the same division from C5 and C6 was united instead. A thick bundle from C5 to the SSN was situated between the anterior and the posterior divisions and a thin bundle from C6 to the SSN was also situated behind the anterior division. The bundle from C6 to the SSN branched off from the bundle to the posterior division in 4 cases, or from the bundle to the anterior and posterior divisions in one case. In the condition of not eliminating the perineurium, it was difficult to completely distinguish the fibers of the SSN in C5, C6 and the communicating branch between C4 and C5.
2. The findings after eliminating the perineurium (Figs. 2, 3, 4 and Plate 1)
2-1 General morphology
It was obvious that the anterior root fibers (motor element) of C5 and C6 were fewer than the posterior root ones (sensory element). In all cases the anterior root fibers (motor element) of C5 and C6 could be divided into anterior (ventral) and posterior (dorsal) groups of bundles before being united with the posterior root fibers (sensory element). They were called anterior motor and posterior motor elements respectively. The anterior motor element included nerve fibers to the pectoral, median and ulnar nerves, and the posterior motor element did those of the dorsal ramus, long thoracic nerve and the posterior cord. The posterior root fibers (sensory element) were also grouped into several bundles, but it was very difficult to divide these bundles into anterior and posterior groups. At the junction of the motor and sensory elements, the motor fibers were enveloped by the sensory fibers from cranial and caudal sides. Then bundles of the anterior root and the posterior root were joined and divided many times and the motor and the sensory elements were intermixed. However the anterior motor and the posterior motor elements had only a few connections and entered into the anterior and the posterior division of the brachial plexus respectively.
2-2
The communicating branch between C4 and C5 (Fig. 2, Plate 1) A thin communicating branch between C4 and C5 was observed in two cases. The communicating branch included fibers both from C4 to C5 and vice versa. It was made clear that the fibers from C5 to C4 in the two cases consisted of the anterior motor, the posterior motor and the sensory elements or the anterior motor and the sensory. However, we could not determine clearly the elements of the fibers from C4 to C5, because we only cut the communicating branch when removing the brachial plexus.
In two cases some of the fibers from C4 to C5 entered the SSN.
2-3 Nerve fibers to the SSN (Figs. 2, 3, 4 , Table 1 ) The SSN received nerve fibers from C5 and C6 in three cases, from C4, C5 and C6 in two cases, and only from C5 in one case. In the first three cases, both the anterior and the posterior motor elements of C5 and C6 sent fibers to the SSN, except in two cases in which the posterior motor element of C6 did not send fibers (Fig. 3) . The sensory elements of C5 and C6 sent fibers to the SSN in all three cases. In the second of two cases, in addition to the anterior motor, the posterior motor and sensory elements of C5 and C6, C4 sent fibers to the AM, anterior element of anterior (motor) root; PM, posterior element of anterior (motor) root; S, sensory element from posterior (sensory) root.
SSN via the communicating branch between C4 and C5 (Fig. 2) . In the remaining case, only the anterior motor, the posterior motor and the sensory elements of C5 sent fibers to the SSN (Fig. 4) . Nerve components of the SSN are summarized in Table 1 .
Discussion
During the past 90 years, the SSN has been discussed with gross anatomical and microdissectional methods, but it as being anterior or posterior group is still unanswered. Howell & Straus (1933) and Kato (1989) classified SSN into the posterior division, whereas Miller (1934) , Harris (1939) and Kodama (1992) put SSN as the anterior division. On the other hand, the SSN sometimes branches off a twig to the subscapular or the teres minor muscle which are generally considered as members of the posterior (dorsal) muscle group of the upper extremity (Schafer and Symington, 1909; Kerr, 1918) . The developmental and comparative studies also have two distinct viewpoints. Cheng (1955) and Miller (1934) stated that the SSN is an anterior branch. Howell (1936) described the supraspinatus and infraspinatus muscles develop from the procoracoid matrix, but are innervated by the dorsal part of the brachial plexus. We considered the reason why these contradictory views had been advocated is that the brachial plexus had been observed in a condition of not eliminating the perineurium or the epineurium itself. Moreover we knew that the existence of the sensory element, which is larger than the motor element, makes it difficult to judge which division the SSN does arise from. In fact, C6 fibers to the SSN showed an intimate relationship to the posterior division of C6 in a condition of not eliminating the perineurium, but showed it to both the anterior and posterior divisions of the brachial plexus in a condition of eliminating the perineurium.
In this study we first made it clear that in contrast with the posterior root fibers, the anterior root fibers of C5 and C6 could easily be divided into anterior and posterior groups of bundles which entered the anterior and the posterior divisions of the brachial plexus, i.e., the anterior motor element of C5 and C6 had fibers going to the pectoral nerves, the SSN, the median nerve and ulnar nerve, and the posterior motor element had fibers to the dorsal ramus, long thoracic nerve, the SSN and the posterior cord. From these results, the SSN is judged to be a nerve which belongs to both anterior and posterior divisions of the brachial plexus.
From observations of two cases of a thin communicating branch between C4 and C5, we could clarify the following three points. At first, even in a thin communicating branch between C4 and C5, there are nerve fibers in either direction, from C4 to C5 and vice versa. Secondly, the fibers from C5 to C4 includes anterior and posterior motor and sensory elements, but their destinations remain to be determined. At last, some fibers from C4 to C5 enter the SSN, but as to what kind of fibers they are, the anterior or posterior motor or sensory elements, also undetermined clearly.
